In recent years morphological study of pituitary adenomas has remarkably proceeded by the development of electron microscopic technic. Besides, a great amount of studies on pituitary hormones have been presented in the field of endo crinology. But there are still many unsolved problems on the correlation between morphological property and hormone secretion of each pituitary adenoma cell and there is much confusion in existence of secretory granules and endocrinological activity of chromophobe adenomas. In order to make clear the relationship between cell types and the functions of pituitary adenoma cells, the author investigated the hormone producing activity of them by means of cell culture with major emphasis on the chromophobe adenomas.
Results

Cells from non-functioning chromophobe adenomas
In 7 to 14 days of cultivation, round epitherial cells proliferated forming colonies. At least two types of cells could be recognized under the phase microscope; larger cells which were 25-30,u in diameter with granules in their cytoplasms and smaller clear cells which were 15-20i in diameter (Fig. 1 ). There might be another inter mediate cells which the author could not clearly characterize. Under scanning electron microscopy two types of cells were also recognized (Fig. 2a,b) . One of them was large and irregular in shape with granules in the periphery of the cytoplasm, the other was small and round with smooth cell surface. These scanning electron microscopic find ings were in accordance with the phase microscopic observations. 2. Eosinophilic adenoma cells from acromegalic patients Electron microscopy of the tissue showed densely packed secretory granules of about 280 mp and about 140 mp in diameter (Fig. 3a) . In the cultures, large round cells with dark cytoplasms due to high cotents of secretory granules were conspicuous (Fig. 3b) .
3. Chromophobe adenoma from a patient of Nelson's syndrome A pituitary adenoma developed in a patient of Cushing's syndrome after bilateral adrenalectomies. The patient became pigmented severely and progressively. Large amounts of ACTH (>I 000 pg/ml) were found in the patient's plasma. Histological diagnosis was chromophobe adenoma of papillary type. Under trasmission electron microscopy many of the constituting cells were polygonal, some of them with indented nuclei and a lot of secretory granules were demonstrated in the margins of the cyto plasms (Fig. 4) . The cytoplasm had abundant cisternal formations and a inflamed Golgi apparatus (Fig. 5 ). The size of the secretory granules was about 250 mp in diameter. In the culture the tumor cells proliferated very actively and the cell colonies had tendency to form acinous arrangements (Fig. 6a, b) . Each cell was irregular in shape and had a thick cell body with granular surface. Under scanning electron microscopy a large number of granules were observed especially in the margins of the cells surrounding a small lumen (Fig. 7) . The size of the granules was almost equal to that of the secretory granules recognized under transmission electron micro scopy. High level of ACTH. (> 103 pg/ml) was detected in the medium by radio immunoassay. listed up in the Changes of hormone secretion in relation to the duration of culture are shown in Fig. 8 and 9 . In culture media of adenomas from acromegalic patients, very high levels of GH were secreted. In all acromegalic cases which underwent radioimmunoassays for LH and FSH (3 cases), these two hormones were also detected in the media, at especially high level in one of them. Nine cases among 13 non-functioning chromo phobe adenomas revealed the evidence of GH production in the culture medium, though. the level was lower than normal control. Concerning LH and FSH, in many cases of non-functioning chromophobe adenomas (7/10) the hormone assays were also positive, particularly in two of them at very high levels.
TSH producing adenoma
The pituitary adenoma of No. 407 was a very huge one and the patient showed panhypopituitarism. High levels of TSH were found in the patient's plasma. There was no evidence of primary hypothyroidism. Histologically the tumor was chromo phobe adenoma.
Radioimmunoassay
of TSH in the culture medium was negative in contrast to high levels in the plasma. The cells in the culture showed polygonal shape with a few cell processes. Fig. 9 Changes of the LH production in relation to the duration of culture.
Discussion
Several reports on tissue cultures of anterior pituitary gland and/or pituitary adenomas have been published') -4). According to Kohler et a13>, cultured pituitaries produced large amounts of GH, LH, and TSH, cultured adenomas from acromegalic patients produced GH at higher levels, and clinically non-functioning chromophobe adenomas produced hormones such as LH, GH, and TSH in culture. Batzdorf et al4> demonstrated that adenomas from acromegalic patients produced high levels of GH in the culture and that in 2 cases of 8 non-functioning chromophobe adenomas GH was detected.
The results of author's investigation coincided with those of the previous reports. Moreover, the present study demonstrated almost all adenomas from patients with no clinical evidence of hormone hypersecretion had capacity to secrete hormones (GH, LH, FSH) in culture. Morphologically two types of cells were recognized under phase microscope and scanning electron microscope; type (1), larger cells with granules in the cytoplasm and type (2) In well maintained cultures, hormone production increased corresponding to cell proliferation (No. 523,502,490, P-K-S in Fig. 8, 9 ) and high levels of hormones were detected after passage (No. 523-S, P-K-S in Fig. 8 ,9 ). These results confirm that the cells retain their hormone secreting capacities in cultures .
Since Nelson's report in 19581), there have been a number of reports'o>.-12> of ACTH-producing pituitary tumors following adrenalectomy for Cushing's syndrome . The majority of these tumors were chromophobic. The tumor of Nelson's syndrome in this report was also a chromophobe adenoma. The cultivation of this tumor showed acinous cell arrangements and active cell proliferation . The scanning electron micro scopic observation of the cultured cells and the transmission electron microscopic study of the tumor revealed that the tumor cells were actively functioning secretory cells . These morphological observations were in accordance with high contents of ACTH in the culture medium and the patient's blood plasma .The granules demonstrated in the cultured cells by scanning electron microscope were possively the ACTH-secret ing granules but there is still much debate in differentiating the ACTH-granules from the /3-MSH-granules.
TSH-producing pituitary adenoma is uncommon13 , and the author cannot inter pret the result of the present case.
Summary
The correlation of morphological properties and hormone production of the pituitary adenoma cells were investigated using cultured cells by means of scanning electron microscopic observation and radioimmunoassay of the hormones in the culture.
1. Pituitary adenoma cells retained hormone-secreting abilities in the culture . 2. Two types of cells (25p-30p with granules, 15 ,u-20,u without granules) were recognized in the tissue cultures of non-functioning chromophobe adenomas .
3. Almost all non-functioning chromophobe adenomas had abilities to secrete hormones (GH : 1.0-310 ng/ml, LH : 13.5-2.9X 103 ng/ml) in the culture for 50-150 days.
4. Concluding from 2. and 3., the non-functioning adenoma is composed of multiple types of cells which are different from each other in morphological and func tional properties. 
